The question of how plant species foreign to a biological system can disperse and turn into an environmental problem is very important for the control of the invasive plant species, especially for insular ecosystems, which are more susceptible to biological invasions. We analyzed the role played by the European rabbit (Oryctolagus cuniculus) in the seed dispersal of the invasive scrub Acacia farnesiana in Gran Canaria (Canary Islands). The results indicated that A. farnesiana is a food resource that rabbits use all year long. We found a high percentage of undamaged seeds (9.77%) in rabbit's pellets. Although the passage through the rabbit gut did not increase the germination rate of the seeds, it seems to increase their germination speed. We concluded that rabbits are able to disperse A. farnesiana seeds by endozoochory, making the invasion process faster and successful.
INTRODUCTION
Mutual interaction between invasive species is relatively frequent and is called the invasion complex [1] . The formation of these complexes can facilitate the survival and the ecological impact of the interacting species; this process is known as "invasional meltdown" [2] . The study of these complexes and their impact on the dispersion of species are considered of prime importance in invasive species research [3] .
The scrub species Acacia farnesiana and the European rabbit (Oryctolagus cuniculus) are considered invasive in several regions around the world. The European rabbit acts as an endozoochorous seed disperser of different species of plants in its area of origin [4] [5] [6] [7] [8] [9] [10] [11] [12] , such as the leguminous shrubs Retama sphaerocarpa and R. monosperma [13] , as well as in areas where it is has been introduced [14, 15] . Some of the species of the Acacia genus, characterised by indehiscent fruits, long thorns and foliage leaves [16] have in the herbivorous mammals their principal agents of dispersion [17] [18] [19] , however the benefits of the endozoochory for these plants has occasionally been questioned [20] .
A. farnesiana appears several times in previous works about the invasive exotic species of the Canary Islands [21, 22] , although these works considered other species of the genus like A. cyclops or A. saligna, more commonly called "acacias majoreras", much more dangerous than A. farnesiana. However, in spite of the shortage of data in the published bibliography about A. farnesiana in the Canary Islands, this species occupies considerable gardens. It is even *Address correspondence to this author at the Especies Invasoras: Grupo de Investigación Interinsular, Spain; Tel: +34928451728; Fax: +34928451308; E-mail: yamilee@teleline.es established in natural territories away from human disturbances, where it is competing with the native species for the space and resources. Currently A. farnesiana is most commonly found in mountainsides and ravines, although in many areas they are starting to invade the riverbeds. The increasing distribution of this species leads us to think that it has a large invasion capacity, and that it is urgent to study the mechanism by which it is dispersing.
The main hypotheses of this study are that the European rabbit is acting as a dispersal agent of the A. farnesiana seeds in the studied zone and that the endozoochory by rabbits increases the germination rate of these seeds.
MATERIALS AND METHODOLOGY

The Study
The study was carried out in the Arguineguín ravine (Fig.  1a, b) . It is the largest ravine in the south of Gran Canaria (28 R 434435, 3073170) and it is located in the middle of the island with a North-South orientation, 25 km long and about 1.500 m from top to sea level, which is a strong average inclination. The annual precipitation of the area is lower than 150 l/m 2 , concentrated in just a few days. In the middle of the ravines there are several small dams that can modify the water flow. The potential vegetation is a xerophyllic shrubland dominated by Euphorbia canariensis, E. basamifera and E. regis-jubae in the plateau and at the bottom of the ravine is common to find Tamarix canariensis stands, and in the flooding areas Juncus acutus and Typha domingensis. Although the plant community in the area is under water stress, it is fairly well conserved and extensive; invasive species and some human disturbance are the main threats. The study site was placed in the lower section of the ravine from 120 m a.s.l. to 25 m a.s.l., having a total length of 5.5 km. In this area the ravine bed has a width between 100 m and 200 m, with boulders that the water flows seasonally and terraces.
Experiment Design
The study site was divided into 13 plots of 500 m x 500 m in size. In each plot a minimum of 100 fresh and intact adult rabbit faeces were collected from a minimum of 4 different latrines. The sampling was carried out in the four different seasons from autumn 2007 to summer 2008 in order to determine if there are seasonal variations in the use of A. farnesiana as a food resource by the rabbits. Simultaneously with the excrement collections, mature fruits of A. farnesiana, from at least 30 different plants, were collected in the same area to be used as control in the germination tests. The A. farnesiana seeds were obtained from the pellets by manual extraction and separated between intact and damaged or partially digested seeds. The apparently viable seeds and their respective controls were placed in petri dishes with blotting paper. Petri dishes were periodically moistened and maintained in a germination chamber under controlled light and temperate conditions (14 hours light with a level of 14000 lx and a constant temperature of 21°C) for 85 days. We recorded the germinated seeds daily, using radicle emergence as the germination criterion.
Statistical Analysis
We applied the non parametric U-Mann-Whitney test (for a p<0.05) to look for significant differences in the germination rate between the ingested and control seeds in the different seasons. The Kruskal-Wallis test (for a p<0.05) was used to detect differences in the percentage of seeds found in the rabbit faeces between seasons, as well as to find out if there were differences in the germination rates of the ingested and control seeds between seasons. Statistical methods followed Zar [23] and were implemented by mean of the statistical package SPSS [24] .
RESULTS
A total of 7,080 pellets were collected during the study period, from which 792 (11.19%) contained A. farnesiana seeds. The highest number of rabbit faeces (2,004) was collected in autumn while the smallest amount (1,577) was collected in spring ( Table 1) . This difference could be due to the fluctuation of the rabbit populations during the hunting season and to the migratory movements within the studied territory. We did not find differences (N=13; X 2 =2.42; p > 0.05) in the percentage of pellets containing seeds between the different seasons, which indicates that A. farnesiana is a food resource that the rabbits use all year long.
Of the 792 seeds found, 12.62% were damaged or partially digested. Most of the unviable seeds had parasitism signs; probably due to attack by coleopterans, as it happened in other cases of interactions between acacias and herbivores [25] . The action of the parasitic beetle can favour the digestion of the seeds, diminishing their as they pass through the rabbit's digestive tract. Seeds consumed by rabbits showed a germination proportion of 30.73% whereas control seeds showed a 29.20% of germination. Significant differences in germination rate were found in summer (N=87; Z=-2.11; p<0.05), where the ingested seeds had a higher germination rate, and in winter (N=87; Z= -5.30; p<0.05), where the control had a higher germination rate (Fig. 2) . Fig. (2) . Number of germinated seeds by season.
Significant differences in the number of seeds germinated by season were detected in the control (N=87; X 2 =38.47; p<0.05) and the ingested seeds (N=87; X 2 =15.09; p<0.05). These results indicate that the germinating capacity varies throughout the year. The seeds taken from pods had a greater capacity of germination in autumn and winter, probably because some of them are not completely mature in the other seasons, whereas the seeds collected from rabbit pellets showed a greater germination capacity in summer and autumn.
Around 50% of the seed from pellets germinated during the first week of the experiment, whereas the seeds obtained from pods reached this percentage after 17 days of sowing. Accumulative germination curves (Fig. 3) show an earlier germination of the seeds consumed by rabbits with respect to the control seeds. 
DISCUSSION
The results suggest that rabbits act as dispersing agent through endozoochory of the seeds of A. farnesiana. The proportion of viable seeds found in rabbit faeces, 9.77%, is even higher than those observed for other Fabaceae species in rabbit's original area (3% Retama sphaerocarpa [26] ; 2.4% Retama monosperma [13] ). Other research focused on the dispersal action of the rabbits on exotic plants found even higher proportions of viable seeds in the rabbit faeces [15] .
The similar proportion of seeds found in the rabbit pellets between the different seasons indicates that A. farnesiana is a food resource that the rabbits use all year long. This continuous feeding by rabbits on A. farnesiana pods increases the probabilities of dispersion under favourable conditions for seedling establishment. Rabbits can contribute to the short and long-distance dispersion of the ingested seed [13] , which can facilitate the expansion of the invasive A. farnesiana to another ravines and riverbeds, making the invading action faster and more successful.
Passage through the rabbit gut did not consistently increase the germination rate of the seeds of A. farnesiana. The lack of a clear action on the rate of germinated seeds, like happens with other vegetation species which share the territory naturally with rabbits [13, 26] , indicates that rabbits are not the natural disperser of A. farnesiana. Although the amount of germinated seeds was similar between ingested and control seeds, clear differences existed between them in the progression of its germination. Apparently, the passage of the seeds through rabbit's digestive tract speeds up germination. The mechanical and chemical scarification of the seeds due to the ingestion by rabbits can favour the water entrance into the seed accelerating the germination progress.
Our germinated data have been collected under favourable conditions for the germination with a constant hydration of the seeds. However, the field environment in which we can found this species is very different. The territory where A. farnesiana grows around the entire world is arid or semi-arid [14, 27] and the seeds rarely ever have the possibility of remaining moist for a long amount of time. Because of this the territories invaded are frequently riverbeds, road side channels, in other words places with favourable water conditions [28] . The earlier germination of the seeds after passing through the rabbit gut can make possible for some seeds to grow outside of this humid atmosphere, because they need a lesser investment of water to germinate than the non-ingested seeds. This situation can allow A. farnesiana to colonise dryer territories and therefore extend the invaded area.
In conclusion, the results of this study suggest that the European rabbits are favouring the spread of the invasive scrub A. farnesiana along the Arguneguín ravine by endozoochory, making possible its establishment in areas where the water acts as the main limiting factor for the vegetation. Fig. (3) . Accumulative germination curves for control and ingested seeds, the speed of germination is considerably faster by the ingested seeds.
